c = a,W^ (6)
where ai and (3i are the parameters relating the discharge Q to the flow area A, as follows:
In fact, equation (6) is only valid if the values of oti and Pi are constants. The other limitations of the kinematic wave approximation can be found in publications such as ASCE (1996, 1997) , and Ponce et al. (1978) . Despite its limitations, the kinematic wave approximation can be applied to many open channel flow conditions (Overton & Meadows, 1976) . Substituting equation (7) into equation (6) Further, by substituting the continuity equation (i.e. Q = Av where v is the flow velocity) into equation (7) gives the following expression for the flow velocity:
A comparison of equations (8) and (9) and re-arranging shows that Pi is the ratio of wave celerity to flow velocity:
Substituting equations (6) and (10) into equation (5) of results in an expression for the lag time, At:
where L is the length of the channel reach. Equation (11) is the general formula for estimating the lag time in a channel reach. It is consistent with Fig. 5 in , which shows a reduction in lag time with increasing discharge.
Parameters (Xi and p\
By applying the Manning's equation to the seven channel sections as shown in Fig. 1 , the oti and p\ parameters in equation (7) are (Harley et a/., 1970; Brady, 1983 Brady, , 1984 ; US Army Corps of Engineers, 1987; Wong, 1992; Singh, 1996) where j is the flow depth, W\% the dimension as defined in Fig. 1 , So is the channel bed slope, n is the Manning's roughness coefficient of the channel surface, z is the reciprocal of the side slope of the channel, and T is the top width. The units for equations (12)- (18) are m m" 1 for So, and m for W. An examination of equations (12b)-(18b) shows that the value for Pi ranges from 1.0 for the deep rectangular channel to 1.667 for the wide rectangular channel. Based on equation (10), pi is the civ ratio. reported an observed civ ratio of 1.75, which is close to that for the wide rectangular channel.
Lag time formulas
Substituting the cxi and Pi parameters (equations (12)-<18)) into equation (11) 
The units for equations (19)- (25) are min for At,, m m for So, m s for Q, and m for W and/-.
